Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends upon the changes in total bond energy.
• Use their bodies to model atomic bonding.
• Investigate the effect of scale on atomic bonding using their human model.
• Qualitatively measure the effects of increased surface area on materials' properties.
• Explain the relationship between surface area and bonding • Explore the concept of energy per atom.
Materials:
For 
Safety
Eye protection is needed for the AlkaSeltzer and flour fireball demo.
Science Content for the Teacher:
One of the reasons researchers care about making nanomaterials is that properties of materials change when things become very small. A specific example of this is the depression of melting point for thin films and nanoparticles of metal compared to the melting point for bulk pieces. For instance, gold particles 2 nanometers in diameter have a melting temperature of about 160 o C, compared to 1060 o C for bulk gold.
This activity shows how the connectivity of atoms in a solid is depends on the size of the solid. As the mass gets smaller, the percentage of atoms on the outside edge -2 -increases. These outer atoms aren't as well connected to the total mass. The average number of bonds per atom decreases, which means the system is less stable. Since a bond represents an amount of energy the atom needs to have before it can be removed from the system, a smaller number of average bonds per atom means less energy per atom (or per mass) is required to break apart the solid.
The Bonding Belt activity helps illustrate the concept of surface area. As the number of people in a group increases, there are more people who are completely inside the group. These people are unavailable for reactions that happen at the surface of the mass (most reactions of a solid with a gas or liquid). A larger surface area means more mass is available for interactions. This is demonstrated by the unsweetened cookie dough activity and the flour fireball demonstration. The amount of mass participating in the reaction can influence the rate at which the reaction proceeds. When the surface area is larger, reactions go faster. This can be demonstrated with the alka seltzer rockets demonstration. The increased surface area making more material available for reaction can be demonstrated with the flour fireball demonstration and the unsweetened cookie dough activity.
Researchers are interested in surface area for many reasons. A classic example in nanotechnology is the use of nanoparticles of iron oxide (rust) to clean arsenic out of water. The smaller the particle, the more arsenic per mass of iron that can react with the particle. An example outside of nanotechnology is the large cooling fins inside a computer for heat dissipation.
Preparation:
• Prepare printed materials (Activity Sheet 1) for class.
• Ready stations for 45 students with 4 half tablets of alkaseltzer, 4 film canisters, 2 canister lids, and water.
• Prepare unsweetened cookie dough with the approximate ratio of flour and butter of regular cookie dough (1 stick of butter to 1 ¼ cup of flour) and create stations where students can roll it in sugar. • Prepare setup for the flour fire ball demonstration.
-3 -Classroom Procedure:
Engage (Time: 15 mins)

AlkaSeltzer Rockets
This activity has students work in pairs of two with the following materials: 4 film canisters, 2 film canister lids, 4 half AlkaSeltzer tablets and water. Describe the experiment setup to the students by asking them which tablet, crushed or whole, will have a greater effect.
Experimental procedure:
In each group, this experiment will be done twice (additional experiments possible if students are provided with more AlkaSeltzer tablets). Have each student fold a piece of paper in half twice, place a half tablet in the crease, refold the paper and crush a half tablet between the paper. Students can pour the crushed tablet along the creases into the canister. The other student can put the entire half tablet in their dry canister. Ready two film canisters with the same amount of water (slightly less than half full). Have students simultaneously pour the water on to the crushed and intact tablet halves. Quickly close each canister after adding the AlkaSeltzer. Tell students to pay close attention to the reaction (how much time is required, how much energy is released, etc). Repeat, allowing students to switch between the crushed and whole tablets.
Ask them to describe the differences crushing the tablet made and make some initial predictions as to why this is the case.
Explore (Time: 30 mins)
Unsweetened Cookie Dough
Give each student an equalsized blob of unsweetened cookie dough (about 1 tablespoon is reasonable). Tell them that they can make the cookie into any shape, or make multiple cookies, and then roll them in sugar. Students can taste their experiments. Ask them to explore what changes they can make to the properties of the cookie dough and how this affects the outcome. Their goal is to make the cookies as sweet as possible. Ideally they will realize that like the AlkaSeltzer, having many small cookies will increase their total surface area, thus making each bite of the small cookies sweeter than that of a single, large cookie. Tell them to think about the AlkaSeltzer experiment while making their cookies.
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Atomic Bonding Belts
The activity is for 6 to 40 people (6 required to really see the effect, 40 being the number of belts).
Split people into two uneven groups (1/3 and 2/3 of the people) and have each person put on their belt. Explain that each person is now an 'atom' and their belts will help represent bonded atoms. The belts have streamers with Velcro on the ends. A bond is two people joining streamers with Velcro (color doesn't matter). Explain that once two students are bonded, they represent a molecule. Note: pieces of string can be used to extend the belts for people with waists larger than the belts.
Tell students to make as many bonds as possible with their group members; but that they can't make multiple bonds with the same person. Count up the number of bonds each person has, and run a tally on the board. Sum the bonds per group, and divide by the number of people in the group to get the average number of bonds per person.
Now have the two groups merge into one large group; again having them maximize their bonds. Run another tally and calculate the bonds per person for the large group.
Additional Activity with belts (probably need at least 15 people):
With the different groups, give each person on the surface (edge) of the group a marble, and run a tally of the average number of marbles per group. You'll probably want to come up with a threshold for surface; like "anyone with less than 6 bonds" but the specific number will depend on how well they bonded with each other. Collect the marbles after they've bonded as two separate groups, and then reissue them after their groups merge. Compare the average number of marbles per person in the three groups.
Explain (Time: 10 mins )
Pass out Activity Sheet 1: Atomic Bonding to students. Have them complete the worksheet in groups of two or three, and then discuss their answers as a class.
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Expand (Time: 5 minutes )
Flour Fireball demo:
Wheat is used to make many of the things we eat, including the cookie dough. Did you know that fires are actually a worry for places that grind wheat into flour? Construct a flour fireball set up as described below and ask students what changes? Why is a pile of flour not flammable but its dust is extremely so?
There are two ways that you can do this: 
Assessment:
The following rubric can be used to assess students during each part of the activity. Supplemental Information:
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